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(57) Abstract 

An amorphous insulator (4) is formed on a substrate (I; 1, 2, 3) 
and has windows where the substrate (1; 1, 2, 3) is exposed. On the 
exposed parts (40) of the substrate and the insulator (4), a compound 
semiconductor (5, 51, 52) containing at least nitrogen as a constituent is 
formed to form a semiconductor material (1, 5, 51, 52). A semiconductor 
device is fabricated by processing the semiconductor material (1, 5, 51, 
and 52) or a semiconductor material (6 and 7) formed on the 
semiconductor material (1, S, SI, and 52). 
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m m m 

:^mm. B, Ai, Ga, In. T \ t^^mmiu m^tmcD^^u < I w. 
tN, p. As. sb. B iti,^mmvtk7tm<D{i>ts:<^ thimTf)-ihm^^ti^ 

III -vm^t^!^^mi^<Dm^B0ScmmtytO. #fC7x:^rB^^(hexagonal system) 

15 ^m^m 

G a I n N/G a NX A 1 G a Nm^m^'Xn%^&mi^(D^ic^n 

I*>m64^(1994 ^3 ^) . 1687-1689 M (Appl. Phys. Lett. , Vol. 64(1994), pp. 
1687-1689 ) (IB* 1 ) ^0'{cflli^||67#(1995 :^9 ^) . 1868-1870 M (Appl. 

20 Phys. Lett., Vol. 67(1995), pp. 1868-1870 ) (ie<:2) . ^xS'J^^^--X' 'J 
' yt^ ' T-f^^ K • -7 ^ i^-y i^X|^,^34#7A-^(1995 ^7 ^) . L797 
-L799 M (Jpn. J. Appl. Phys. , Vol. 34(1995). pp. L797-L799) (ig*: 3 ) . fHjl^ 
^34^108 -§-(1995 ^10^) . L1332-L1335 M (Jpn. J. Appl. Phys. . Vol.34 
(1995), pp. L1332-LI335) (IB* 4) ^0'{1|hII^||34#11B -f-(1995 ^11^) . 

25 L1517-L1519 M (Jpn. J.Appl.Phys.. Vol. 34(1995), pp. L1517-L1519) (ig* 
5) (C^*fe$tLTl^-5o 

z. ©lev 1 5 \z^7fs-^tifz^mwmm.\z^mr^^ z.t\i.. -^-y t^t 
(A 1 2 Oa ) mwL±\z±^<Dmim^mwi)^^u^^<y-y tM^^j^l. mj^ 
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^4 - 2 9 7 0 2 3^{^n mv^ic-^(D^m\ihmfz^'wr^w-i - 312350-^ 
^^<^:^©Ji:^Jf£;5^tHtb^/c>s^a#fF5. 290, 39 3-^^^) s.z>'#r^^4 
- 3 2 1 2 8 o-^^^{cr?g^$:nTi^'5o #r?g¥4 - 2 9 7 0 2 3^<i^mt<^7jk 

■t^tCSiZjitHi^. r-r TS^±iCG a X A 1 1-xN (O^x^l) U 

5 ^mi<Dm.<tm^mwm^ztii^cDmj^<i:Kii^^cD3 00-70 o^c-e?^^^-^ 

^Ji5SM:i?<lt^>n^o CCD^^SMJiiC 1 0 0 0 — 1 0 5 0 °C02g.Jg-^m 2 

15 *)'SCch;6<4^^^6 - 1 0 1 5 8 7-^^^{^^^$nxi^'So L*^L. Z<D{^n 
{Ccfcnt^. GaN(hi^--7r-rTic7)t&^^iJr^3:?<J^l 4 ^^/i26. -!f-7T 

MgAla O4 ^NaC lMi^^i^3tc7)MgOI|^^:^{c$gfflL. ^(OMWiJiiz 

trti. T^5-r K- ^x- l/iJ'-^.||68#(1996 ^4 ^) . 

25 2105-2107 M (Appl.Phys. Lett. .Vol. 68(1996). pp. 2105-2107) 6 ) {CT 

±ie<At*^t'}5{i<i:nti\ y^^D^B^ (hexagonal system) CD^^^Kit^Wt-'S 

III -vmit^<^^^mi^y.itym5bmtLXN mm) '^^ts:itt<mm^n^ 
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5 ^iSCree Research, Inc. iNorth America Phi 11 ipst±ch©^lRlW5S{-<i:f9. 

^3&<II^T^/cCci:*<. B^J^U^ hn-^X|^.l 9 9 5 ^12^4 0-^ CUB 
5 0-^) (NIKKEI ELECTRONICS 1995.12.4 (no. 650), pp.7 ) (IB* 7) 

(3g^. I 0* cm-') ^ig^f ^Cct*<^^^<h$n'5>o SfeoT. M^h^ 
:2^^B^cr>m 1 /^^j^^i (hexagonal system) CDl^^mit^^-t ^ 

III -v]6g^>ft:^!^^#^*xtiv]{^5c^iLxN cmm) ^^tsz,tTb<mm^n^ 

25 ^CD^^{C^>^o ^^i6-Zi^\.^Xmmi^i tit. ±x^<DS i CS^^$j^fflL/c^ 
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^mcom^xiitzomrfi^^.^^^ T(Dm^hL < it^m^ (mobility) 

10 1 . 

*^B^#©-A{i. *miSOft5t«l5£?i©^«i<i:^i:^#li¥7 - 2 3 8 1 4 2 

Igll <^#MLXlJfeBfl-t-'5cb. (OOOl)C ®^W^'S-9--7 T-fT (a-Al^ O3 ) 
' (Dm^^mm. l ±iz^ % l CDM^t^^^^f^^ (G a N/<«y 2, nMC a N 

15 im^m^^ ^^B^BfiR::^^-ti:. e>:{-^io^^b«^4^#^2^®±{ci5{t/i)Sfei^ii^x 

^:^^n. CCD^^WtrCiH 1 ©M>fI:«^^^^*:^OJi® (nMG a N^t^^l 3 cd 

M±) {C. ^2(7)M{t:«^^3|{*« (nMG aN7t^&^5) *<^^f!5c:^$n>So 
20 g|l B{i*fej^J^^X^ 4CD^®^. EilAti. lEIl BCDA-A' »t®^^ 

■To 

OigSS^gOl^^^^I^^JiiliOS^I^:i?-'^^m-r S nMG a N^^^^l 3 
Mf^lS^LT. -^©3 2fe5t:eiJ^d:^^^S^i^J6^Cci:T. ^ 2 O^^b^^^^^S 
25 <^*^"^^I^^iSJ6Sct-5(:i^:^^-ti-. -ecDfi£g^®36<*fei^M4±®{ciiLfcS 
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hf^mu c.n^m^B^myj^i^mnitL-zm^mm'^-mw^m (tem) -e 
: s i Oz ]^ mmm) ±-v^M:Ltz^2(Dm^m^^mi^moi^^B!K^ 

'^Jgti 1 0 ' 1 0 ' c m"'£DiBffl*>C:nJ: *9 ^:>ig;V^o Ctlt-^fLx S i O2 O 
-e*>^o g^^SlS-CfiK:^Lf:^2©M^b'^^#^*:^(^^^tl^iXPl5 (fe^i) (Df^ 

A^)> ^cDr<-gi5j:?<s i 02 _h{c?^fiS:$n/ci^2(D^^b«l^^^f*lf-{iALx 
20 i^^cch-r-^-So ^m-^nti\ s i Oz ±.<D^2(Dm.mi^m^^mKn.hfi^'K 

A^^i^*^^oiia-c*>^A:^M^i& (^^P'^^IS:) m^'^m-t ^i^^b(d^^ 
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cc:-T:\ c^tl,tysyJ^^<D^^^(Dm■&:m^ (unit cell ) (om^mLn^m^ 

h;l/) <bLT^i£$nS (a, 14. as a 3 l4^>|nl^{c^He) o 1112 

-eti. Ill im.i- (Ga, Am) ^e^T. wmm.=^ (n. as^) ^mtix 

^bi^^^(*ci:lHlC:<7^:^^5&<D^^;^it^;^-rsfcJ6. ^©(OOODC Miicl^ic 
W.'^-t^1^WBMX^^Z.t{im2ii^i^m^i3^X^^^o fi^^. y^':^ ^b^<D^¥M 
it{c4o{:^Sa, l6S:r>'a2 lAti a$45^0'b$4i t>:^ie^n. CO;^ia{cgo^a 
25 14. bl4s clAtiilSClOO] . [010] . [001] nkSf^^[a, b. c] i LX^^tlS 

ccf:t>^So \iX±. '^y3Wm%<oi^^Bm^^\z.mLxmm^uwm^iM^fztK m2 

^^^O(0001)®±(C c I4:^IS]{C i?" 4^ V + yl/fiJcl: LTC^ C i ^ ct 
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: mmmif)<i^PB'M<D s i . s i 3 n« cs i n. ) . s i 02 : 

10 Pz O5 (PSG) . S iONS.O*Ta2 Ob Tti. m^J^±izMf^^ tlfzmt 

s iOa m±(Dmim^mi^mx''^ihtifzm^Bxmmmizit^r'^^ 

25 1 0« ~1 0'' cm-'(Dmm(0^m(DX^^<^i>tlfZo U^. C©^^{lol^T 

*^H^#ti. cn'^©^l.2~4;&-•^^^o^l^^^#/Io 



wo 97/11518 



8 



PCT/JP96/02663 



10 ®?{hLTff^^$n/c#Ms i Oz Ml 0 i^fflt\ CCDS i O2 mz±m(Dm 
"^^{r#^^®s i 02 ^oM^^^^umi 0 3 oviz^-^^ T>^^T^mm. 

15 Xh') ^f-J\^if')^^ (TMG) CD:^'X^#^i^^-r'5i> _Lx!:0^*£h^^4'^D(;7n 

i^^^iz^\]i:^nfzxm(D^mit±^(DM^^^^com. (i ~i 

-o fZo 

^mW(D^B^M:Wm^m 4 A~ 4 E tC^^^xVPci: LT^JR L^Co 4 a 

^AEcD^T'JVXit. Gal^T- (HI ]!^7C#) ^fi^tl. NH^ (V]^5l^) 
fiXTFL. ^tz^^ (D]^.^(Dl^m:^\^'^i^l>zmHLfz^WX7jkLfZo ^Tiz^ 2^ 

25 :^^mm(Dmmzj^n[f^ ^^^n(Dm.mm±iz:^i^^Nm.=?-iSLZj^G aw.'^-it^ 
^U'^m^^ifbX'^^mzm^m^o cnu. r h ^ -y ^ • -r-r r u--> 3 > 

(atomic migration) t^>^ «J :j >CDM.^^iZ:ji6i^Xy^^ :^'\kco:^y^ y-f^Jf^ 

mmtLxm^Lfz (!gi4A) ib<. z<DVtmxT>^-rm^mmzm-tt. 
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ii^ti. Ga :N=i : \ u^^t^mt^ito>^T^mv. ^^it^m^^m-^ 

Z. t'd-^'^^tt ^ (E14 B) o 

G a/^^(c^t^NI^.^{i>fb^i^£D^^'^^i^J6^/cJ6{cSl>{::^IiJ&^/<£K^^^ 

±t:ifcl^TG aN5if^^^f^fiic:fC||4^L^.iC^^3^JONI^^*<#^E-r^*<. CCTT 
M G ^f^^-t h t i^J^)^±{^#^^ ^ G a I^TiJt i: N Hi^tfc i ©it*< JbiE©>fk^ 
10 ]ft^it.{ci£o<o mL. GaJ[^.T-feNI^.^^^sfeJitm-ht::*5l>Xi^l>3i^T'«j^lEl 
cnb*<^Sfc^5^t-'5>W{i«fe^M±(-S^^tl/cG aNt^^^tc® 

;^,^p,^i^^n'SNI^^S.C5G aim^cD^-Cti^g&^JfCG aN®^^©^:^{-^-^ 
't-S (^4D) o ^COI^W^. G aNm*S^©±"r©^^®{:i^l^X^^RS:g*^'ii 
15 ^tL> GaN#*t^{i7Nfta4^®?^t*c^<*-^-^-^BE:*C>ft:^S (g|4E) o Ja(±<D 
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&.±(Dzti}-i^. 4^FBn(DmMm±xcDm<m^mi^m(D^m^M:i.z^.Lxit. 
15 u-ofzo ^w^nt^. 4^¥Bwmmm^mi^-t ^Psn<^m.mt. ^cD±{cj^^$n 

Ga. In, T 1 i^7D5^0^/<t< ch^i l^chN, P. As, Sb. Bi 

20 Oa.oVj5^5c^<h LTN (^^) ^^tS^m^^m^B\z-D\.^xn^X^fzi)K tifz 
EFflilll -V]l^>fl:^1^^^<*-tr*)0E.oA:^^?^ (hexagonal system) (DM^^ 

^-^^^mW-m^B\Z':>\.^xhz.isxi^o:>mimm^y - Y^<y ^x^^\,o:)t^ 

m^^itn^Ltzo 

\^A±.(Dm^m^\z.^-^^. i^mmimfzfm^^^-t^^m^^niBL-cf^cD 
^m^n^ ^(D\zmi^-r. mK.ii.^<D±UK^mw^m.^w^^-t^fzib(o^W'^ 
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5clfe3;;> ^ n S A:^^^^3t ^ -y: ^ x^^^ 

III m^mi tfOtyi^. Ga. A 1, In) CD{pfA:< thlUtN (M^) 
2. ^^^*:^g^c7)JLvffl 
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^^y^umik (BH^aiCBuried Heterostructure)) h ^ r^itJC J: o 

m.^^^izm.^x^ 
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' t>if T Jif a*fe^j^ -7x^^<^->^tk^-t^ctizxi:i. ^m^mm ^^-t^m 

^^{-f^®{-^'5>C<h*<-e^^o ^/c. inyj^minc Blende mitO^^g^S^^ 

^^ffm-t^t^izit^ mmwL(D(im) ^iz^m.'c^^i)-^ a-mmizmmxh 
^zfsn \zimm-^ 7.^^<^~ v^is^f ^z.L\zxK>. ix^t nmi^w^im.^ 
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^iii^6ch. — ^{-f^fife^n?^ c^m-rnfi'. g^^iajoncvo #^tjao*fe^ 

10 (HEMT : High Electron Mobility Transistor ) {C$gfflf ^ <h^llfi^'e^)'So 

i|£#^^u-if^^cD^/i:t>-r. ^itm^ (LED) . :)t:iEj!ii^&> m 



wo 97/11518 1 6 PCT/JP96/02663 

1^1-. :m2. ll2cDjgl^C5^^)iILT^m*^#F5^it^^^LT^>J:^,^o 

EI 5 A- 5 D(i. i^wn<D^^Wmi^Wzm^T2\z.mLxm^i^^^^%nmz.7f^-t 

25 El 6 B {i^^{*:Sg£D-^^F>JOi^St8ff®|g!T=*> So 
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mi 0A{±. 2^^B^cD|ISfe^]4 0^^<^7t^^©— '^©jis5£»f®III-t?*)So 

Igii oBti. mi 0 A©^^43C?BfiS:$ns*feJi^m-7Xi^©±®ia-e*>So 

1131 lAti. :^^m(Dnmm5(D^^mi^itmi^<D-m<Dm.mi^m'z:^6o 
10 mil B«i. mi 1 A(Dm^^i^mfiSi-^ti^^m^:^^(D±'mm-v^6o 

mi 2B{i. mi 2 A®^T-4^{-j^^^n^ii&i^]^-7x^'CD±®mT^>2>o 
m 1 3 Aiis ^^B^cD^sfef^i 8 <D^^mi^^m'^(D—m(DmwrmM'c^^^o 
' mi 3 Bti. mi 3 Ao^^4i{c?BfiS:^ti'5ijsfejiej^-7x^(D±®mT*^o 

15 mi 3Cii. #^OftkOf?iJcDii56£^Mm-t=*»So 

mi 5Ati. *^B^CD||Jfe^«J 1 OCD^^^^Tt^^O—' ef»J.CD*Sf»f®mT*)So 
mi 5B4i. mi 5 A©^^4^{:i5gfiJc^tlS*fei^J^-7X^'©±®mT^»So 

20 mi 5C4i. Mi^coi^komommwm'ts^^o 

mi 6Ati. *^B^O^»Jl 10^#^$:7t^Tf7>— ^jOiKI£^®m-e*>^o 

mi 6B{±. mi 6 AfD^T-43f-5^^$nSi^J^J^"7Xi?cD_h!SmTr*>^o 

mi 6C{i. ^^oftfe£D^ajcDifiJ^®mTr*>Sc 

mi 7 A(±. *^a^o^ifef«l 1 2 ©^^i^Tfe^^i?)— '^]cD^»f®mTr*)5o 

25 m 1 7 B{i> m 1 7 AO^^>43{l?^^^tlS^^^-7X j>0±®mT*So 

mi 7C{i. m'¥-(Dm.(om(Dmmt^m'^^^-to 

mi BAti. :^^mcDMmm \ ^ (D^mi^^mi'iD—mcDmmmEi-e^^ho 

mi sBti. #^4^{c][^^$n^^^M-7Xi:7£D±ffimT^^o 

mi 8Cii. s^cDffli£Di?ijcD*eE»f®m^^-ro 
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igii 9{i. mMn=¥-mwLm (tem) izji^mm^ntzmz Dizm^-t^^M 
1^2 oti. ^sm^gi^^ (SEM) izj:Kfmm^nfzms cizm^-t^wM 

10 <1^B^^mWi 1 > 

^rmsLi cD(oooi)^®±{cs i 02 m^'m^'t^. ccDxeti. m^it'Ej 

^^gB^:7 (HF) > h) l^iSS i Oz ^©'5' 

20 '{k<D'm3(DJimf}^i^. ^3 A~3 D^#MLTIiiBJ-r'So l|2©X^X 

ti. SffOfc©:6<#P^^4 - 1 6 4 8 9 5-^ (:>i^S#fFm5, 334, 277 -^) {Cfgig 

C760Torr ) tc LT> dO^CTV^ — T (NH3 ) 7^'X^^59' 2 ~ 5 U -v h/U 
(2~5 SLM) > h «; y (TMG) tfT^^m^^^l 0 c c (10 

seem) Xii^fi^fC^tl^L. !^i^ic-tr.y h $ tL/c-»^7 r Tg^^^:!:^^^ 1 
0 3 O^ClZljQ^LtZo 
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ll!3A-3C4is 113 (DXm^i^i:^ ^mit^^mi^fz ^ G a NmPsCDf^Mz^n 
5 Oi3<mj^^tl^ (^3 A) o -^^D5^^t^{iS^_h^-ab/c*^t>Aftfe*^'J5:oJ:■^C 

S iOz 4 JiM{-?&-9ck-p{-GaNi^^©j^^Jit*'^^'>-^'>'Ufi£M*<i^ 

^-5 (133 C) o IP-B. S i O2 4_L®{c?^fi)(:^n'SG aNM^iiS^ 

S i O2 J^^T;^ 4±{Cj^fiK$n/cfI^^^t:6^{-'^^^t:^^v-».;l/^a5 5 2 i 
20 n^^o S3 CCDirSS^S i Oz 4 ±®W^'^M.S ^N^Jit*^4^-> 

3D) o cn{i^7^na^fc"^^v/-^>'PgI5 5 1 :&^/N^St»t{-^:^'r S C i 
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i^<^m'^oxmt<^<DW^-^'9ht^^nf^\.^ctt^mm^^ ins. i^^mxm 

5 cDffiJg{i^#j£D^I^ (E13 D0^7^oait°^4^->-^yl/^a5 5 1) T' 1 0» —10" 
cm-\ £#J©M^ (gl3 D(^?fx^Jih°:$'^>'i'>'l/ia5 5 2 ) T: 1 0 ^ 1 0 ^ 

' (1) ch (2) {C^^^a-feX^Jilg-rSo ?X:^£7>^^lT<h ^x^ih°i^^;/^ 

xm^mi^^no^m^m^-t^mQ A (2) o:^^^$gffit-scch;i?<MtL^^o 

116 AO (1) Ra' (2) m@l 0^?^BS;L/c^{C^En:^|S]{c^^'>>^' 

25 b-iff^^ti. ^Xi^ 4_h{c?i^^$n^'^*it'iJ^^i/i-yl/^^ (G a N^) {Cn 

^A57fe#-^^6 3. T>K-^CDI n G a N^m*^#FM:&^^>nj:'S?g!il6 6. 
pMOA 1 0. ibG a 0 8 5 N*^*^^ci:'5>7t#&^ (^^-fr-T) . pMOGaNTiM^/i 
?>^^-y KS6 5 s pM^5-y Hue 5 J: 0 i^l. ^^J^(D:^*sfeJ|^^^t; p^G a N 
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s^j^^^W) -zry^^ms 6K^if^^^'^}r&Am.i^^um-t:Bo int.. zcDm 

tit. E\QA(D (1) RCK (2) >6M^H^b)6^-e*)^^o tl^. (1) Sl 

(2) CDftj^g^^^{c4ol^T{i. #^*:©^?C-tU«9tii-t-ij{-SfeHlil^3 

10 fDT^'So 

<^rB^sg^^^2> 

15 t-rS i^^l 0 0 ^Sg^^ffl^'^'tr^^'fbLT. ^(D^MiZ$^mncD 
S i 02^1 0 l^J^f^-t^o 2^C:l|l©XgiLTx S i Oa M±CGaN^ 

mSA (1) {^^-Tct •^^i:^M:^jt^W-r'S^^^^?iiffl-r'5o CiD^PtiSi^ 

25 6 OTorrtC^^L/c^. M^ML^cS i 1 0 O^Mf '5o 

CCDdi^x ±^7^1^- hOT^^-^^-nS i Oa Ml 0 1 ©^J^fiic^igt::^^)-^:. 
h 'j f->'U:^"U 't? A (TMG) ;^'X^Ji?H5#t*^^ ^ ^^O^"^ 1 0 s c c mlril^fi^ 



wo 97/11518 ^ 2 2 ^ PCT/JP96/02663 

fc^s^L. Tspru- h<^Ei5 A (1) ic^-r^En:;^[Sj{-x^-r klt. mm^ 

iZTMGifT^^S i O2 0 \^m±lzmm^6o zmz^^. S i O2 1^1 
4*<S i O2 J^l 0 l±{c5^^$tL^ (las C) o ^2 Oti. Els Ctc^fg^^^ 

10 ^^m^m^m (sem) ^^-e^o. s 102 mi 0 1 ±izm^^nfzG 

<&±26. 4 7:?<Bfife$ti:^<£l^S i O2 1 0 1 ^S^SP^^fi^lCoi ^ L 

ttCDWrnmntl O^Ipj-OS i^^l O 0±{C^y «; i^-y ^{^ff^^t-'i.C<^::6< 
■T?^^c COii^. mijlH]8S7 0^m^-rS^mte^^i*:^^;«^:^it 5 5 

^^z^m-r^nm^m^m\zm^-t^xoizm^Lxm7r-'^-t) . j»^*iit5 5 
jbastcag-r'SpMmsi Qtmm^^i 0 tcowz^f.^T"^ >yi i^m^-t 

*/c. ^2c7)XgtCTS i Oz Ml 0 l^®{Ci^^5 4v^nJt&:^A^ (10"^. 

HF^c7:)Ji-y^i^> hT-S i O2 Ml 0 1 ^^ML. ^^5 4 (hS i 1 0 0 
<h^53'j||^^o :itnz^0. G a N^^B^^&M^^A^fr/c^ckS^^m^^^-eg^o 

^t^n^s i cj:o t>^£lSB^^R§§^j^;6^m^o lii&oTs :^3(Dx?i-e'#^n'i> 
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,'^;«?<M^i: -So C ©ch 9 C G a NmU±izmitm^m^i^m^^ M^^'y^ yUfiit:^ $ 

5 3fe W^^^^^^ i:iflEli^^? l?i^^tinx. St^?^^^^©^^ 

(pseudomorphic device) ^mi$L\^fz.tt\>. ^^^^^^S^AtC-fiji-p^l^XPfi 

^1115 A (2) ^#^LTIJfeB^-r'5o ^3d{-#^M©S i 1 0 I ^m^L 

10 fcS im^l 0 0^-(:>:>r;i-:/®S:9'^^M (S IMS) izmmt. Ga^^> 
^Uai^mEE 1 k V. mmm. ixiCMons/cm^trSiOz l^^ffifcMtt 
L/Co CC-^jfiJfflL/cS IMSli. —mzs t a t i c S IMStmitl^h 

" MStimM^J^l 0-^—1 O-'mA/cm' cD-fyt-y^O. 5 — 5 k e VcZ)iiit> 
15 >'l/^--C=t^J|^4{-flSI^-r'5)2i><. SiJO^IiOS I MSiC{im2?ft^i^ 1-10 0 mA^ 
cm' CD-r:^>^5 — 3 0 k e VOJ^;7^;U4^--eMlt-r^ fe^>So ^#<Z)^ 

S i O2 J^^®--OG a-r:^>^S^U. -r:r>t'-A©ii:m:0<S i O2 l^^cS 
20 ten 0 ^ ktfl^^o\z>{ii-yit^%'^^K>'ihh-. mit^rB^ti^lf^biL/io 

t'-A^jS^S]LT^T-^;^Co c:cD«j: -5 {CLTS i Oz J^^®«-G aH^^i^^/i S^ 
5 3 ^m^Ltz'^. S i 1 0 0 I MS^-^>551*9 tH L. ±i$©i/-^7- • 
K^{C^LTm2CDX^{cA'i.o CCD (hi:. ^rt{i^^^4^'XT^> 
25 (Nz ) T^-'--:^$nT:fei9> tfzT^^-^^^- • ^l^- h U^^tlTl^'So S i 

mm.'^i^-^'y-'^yh'miz.mmLfz'^. h^) /^ji^ti'')^j^ (tmg) 

1 0 s c emir. T>^-T (NH3 ) :^'X^T^^i|&5 >r 
>>6^i^2 — 5 SLMTr^^^^^L. R^IC S i 1 0 0 ^yt^Ji^^t^i^m I 0 0 
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&.±izm^fz-(y^>\z-2^'C^^mftSi-t6y5'i^-::{-i^ static S IMS 

15 jol^X. f«j^(i'(0001)C ®^W^^1^7T-rT (a-AlzOs) ^i^^g:^ 1 ±{C. 
GaN 7 r ^ 2 , nMGaN 3 tX^m^mnifQ^^mi^lXOI^^BljSiMz 

20 ^1 tD(ll-20)A®t^mi::^|S]{C|S^LT4o<o <:):{:ix *fei^M^X^^N°^->4 
T'?^^^n/z2oO^.^I^{c^tLT. nMGaN ^^^^^ S^Jg^^gL. ^^^{z 

^f:^ /iJ^iitl^^ X ^ ±{i:tec ^T^:^fS] -itT. ^lanc-ocD^JBit^OTfe^ 

zfeMchL/c^tc. ^i^i^i^TAicaN it^mmc^ibm tQzK M^mm.mRa 

GalnN JEi^lifi^^FS*^*^nf SffliS^mS^^PygteS 6 , pMGaN it^^ 
25 ^7, pMGaInN =1 8^IIl<:):l^{:fSc U V :7 ^ -ci: 0 . 

Q^l^ttT. p#JS@l Oinffiijm^l 1 O/^^-y^m^-T'So 

mmc^ xh3-(-fizmm.txijmzm^Lxi^m^m^w^ihL. x^^-^yiz 
j:.om=^^ii^mLxmi Aiz7r^'rm=?-mmM cihtb^b-b* mm) ^n^o 
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■te^ 6 (Dm:f5^ ^z m^m^. ^ ^ i.z.mm-^ :^ ^ ±0^^® {c^jt:^ ^ 

«9 1/3 1 / 4 {c;^-e|£^-e# /Co 

' -S^^;&:^{i4 10 — 4 3 0 nm<D$afflT*>o/Co 
15 ^/■c:*:|ISte^jCD^5K0>j<£:EI7 C (|gI7BOB-B' »f®) \:i^K^Wm-^^o ^ 

<nmm2 > 
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A ic^-r^^*5£»riD (^8c©c-c' mm) ^m^o 

^(i. ^2a{cfe'l.^T^|l;&:^4 1 0 — 4 3 0 nmCOmmxi^—^WjitLfzo 

thmm.mm'^2y3^^ihi/'2<Di^mizi&,mx^fzo m^ati^oc^T 

^ii^g^:^4 1 0 — 4 3 0 nmCDiEffl-^b-ifi&fpL/co 
25 <^*fei^J3> 

1119 AtiEI9 BtDD-D' »f®) o S^Off^iiittillJfetHJ 2 icfct:^ ^lEI 8 C ilal L: 
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T^ig2S:^4 10 — 4 3 0 nm©$Bffl"e U--»fS&fFL/Co 
\\\-ym^^i;^X^^^it<'&}^^^UU (Nitride Semiconductor materials ) 
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4 10 — 4 3 0 nmCD$gffl-eb-ifi!iitLfCo 

5 <m^m4> 

10 mm.^mm.^i^m-r^o mi oAitmi ob©e-e* «f®^^-^o 

mmm 1 ibm 3 <Di#^j: *:> ti^ms^ijf^^^^ ^ife^ftj 2 -^^.^n/cs;^ 

15 ^ig^:g 4 1 0 — 4 3 0 nm<DmmXU—^WjitLfZo 

:^mM(D^m.mm^m I ias.o'si i Bizj:osstm-r^c m'l^oj^mitm.im 

GaN « 1 3. T > K-yCalnN/AlGaN - D B R«|itJ^-S:itJ^ 1 4 (DBR = 
20 Distributed Gragg Reflector ) . nSGaN ^^^g 3 ^jg^^g-r-So $^>t^. 
mi 1 Btd^-Tct-^C. jE7\:^3^4^©i!sfeiitM-7Xi:7 i^$U^^^cDma{::lSt:fT 

:^GaInN/AlGaN - D B R^lati^SM)^ 1 S^^^^gt^o DBR^^^^^Rtt^ 
1 5 tiDBR^iti^RI+Ml 4 chlllil. mijfOG a InNSiAlGaN^i^ 

^T^fF^-r^i#^. D B RmmMKmm 14^15 tX\ Gain NMS:Z>' 
Al G 2iNm(D'ptS.<. ti^—^(D7tmm^^ (Ca : I n^A 1 : Ga) ^^7L 
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mi I AiZTjki-m^mmm^n^ mi ib®f-f' iiff®) o 

mm(DMmm i vj^ 4 o^^^*: u—^fm'^tm^^mt^ ^ . u— «f ^^^^ 1 ± 

20 Tti. DBR:^iti^R*H^{wJ;-:,T. (D B R^iti^SltJ^ 1 5 0±M) cD 
Km^^ 9 5 — 99 %ii-l±Oi^l^ffi{C^^JClg^1rt. HJfefaj 1 *^^> 4 {ZTf^Lfz 

^ < T^/co ^]Stefai 3 cDs^tcit^T. ^i^^x < t hmm.nm^ i/\ ot^^iy 

3 Otzj^m-t^ZtTb^'^^^X^^fZo i^^U. mia{Cfcl,^Tl^M^:^4 1 0- 
25 4 3 0 nmOlEffl'eL/— !f"l&fPLfCo 
<^*tet^J 6 > 

itt>KHZ^ 1 ^7^:^^?^Wurtzite^it-e*.'9S^S:^fe*K0001)C 
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tZo 

5 *)o/co int.. ^WL±m<Dpmmmib^ihmitm^mi^'^m^Lx. mmpF^cDn 

^z.ti)<x^^fzo ^HSfe^Tti. fibo|^WJJ:f9 ^5i^t^^aJgT•S^f^-r-5^'— 

^^?tfCo ^M{C4^l^T^ii;&:i:4 10 — 4 3 0 nmOgEffl-eU-if 

10 <ll5te^j7> 

1 T^M 4 -^rufeB^ Ltz^mi^^mtj^mtux\.^^i)K f^^m<Dm^£u<m^iziii' 

mi 2 A{C:fo^,^T. ^]^{i'(0001)C B^W^-S-^-:? r >r T ( dr-AUOa) 
15 ^m. 1 _h(C. GaN /< -y :7 2 . nMGaN ^^ifeM 3 ^TrW^^ifeMm^g^g^fc 

"^WL^itzmmm-^T.^ 4(D^^^]^^ma- auOs ^^io(ii-2o)A®ch^ii:^ck 

AlGaN it9tmm\::^ibmt^2i^ a^^M^S^O'GalnN fi^#^^;^;^t>^i:-5,EE$i^ 

^afi^#p^tt^ 6 , pMGaN im^m 7 ^Wda^^i^o mz^ u v y ^ 

-y'^mm-t^o ^mz. m^^^h'^-cznzmm.yjmzmmLT^mmm'^V] 

25 <9t±JL. X^^^y{Cj;{9S^^5^ilLrgll 2 At^^^^^i^ff® (gll 2 B 
©G-G' ^3d) ^?iSo 

7.^±m'^i^< Lx^iti^^m^ 1 — 3 fim(Dmmt-t^ctizjitoM^mmi^ 
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L7^c#^J:^3 liigillffi-eU-if^^L. ^^C:fett^^tg^:l:4 1 0 — 43 0 
10 :z^^H^cDtifeCD|ISfe^ai^^ 1 3 ARZJ^m 1 3 B tCct *9 aJfeH^^-So ^^OfFS^li^ 

t i^mm.m.m^^^i^TiziS:.^-t^^ti}<^m-v^^tzo 
^m^'^m^^oi^^iK-v^^m^^^^^^^ttzfcm^m^^'i^^ztt^x^. $ 
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UiS. m 1 3 Ai,tm 1 3 BXt^gl 1 3 C©H-H' mm^yf^'to 
<^t^^\ 9 > 

5 :^mM<D^^mm'^m 1 4 ARD^gi 1 4 BiCctois&H^-r^o ^^©fp^di^jfe 

^j8{C*^i;-S*<> mi 4 B J: -5 {C. #fei^)^-7X 4 ©I^^O^J^:!^^:!: 

i y ^ LTlStj-T^o < o CCOyi-y^^ — y(Dn t 3 ^Jcd/n° 

mt. ±<mMm 3 tRa^D^n-^x^igiT. ei 1 4 a {c^-r^^iit»f® 1 
4 BCD J - J' mm =^m^a 

^mmmm^ 2 / 3 ^ 1 / 2 oiiEii{c<g.^-r s c ^ *^wt^-e*) 0 
<i^wji 0 > 

20 ^mm'ikmmm'^m 1 5 ablo'si 1 5 Biz^^mn-t^o ^^<o^^tm\± 

^Wj9 irmU'S*^. m \ 5 B{C^-r«fc-9{-. iSfe*lt)^'7X:^ 4£D|^^(Z>^iJ^il^ 

mmkm^^^^-t^o mmm^i-^<^->\^^^uz^^^nm\z{t. mm.t< 
^\:.uy.^^^{zmmM'T:-h^<-Lfzo m \ sAti. m \ sbok-k' 

-To 
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15 HI 1 5 c^D^T--e{i. t^i^ii^ 3 -ocDn'^m^-t^m^ (Dmmm(Dm^s^mmt. 
^■ofzo tfz. mi 5 ccDm^it.y ^-xv ' Tu-^m^L. -aia^^^f^^ 

20 9 iZ:Ss\.^xm^ihnfzmm±liii3J^K>'P^^ < (i: h 2 i^lil±<^M\iitl^^M^t LfZo 

LT) > ^mm^yjHizmmiyj\^i^^m^<D^^^Bm5nmi ^^f^m:m9x 
^m-r^ctx\ ^mm^yj\^izhm'^it-^^fzm=Fmibm^x^^o ccom^. 

25 ^ So 

<^mmi 1 > 
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0^—10' /^cm= isHi-r^i. 2^m(Dmmm^^^ 

fin-^Wbi^^#^*:J£(^©III-V3^^a|^j^1?t*4 (f?iJ;iU\ GaAs. InP) t-i^tA. 
^-r. -^^T^Ti a-AhO.) m^^^^lO (0001)Cffi_hiC. Ell 6B{C^ 
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m^-t^X^\Z.m^^tl^o 2fefC. GaN /<-y-7rS2 2, nMGaN itm^m2 3 

X ^ ±-e)gl:^fS] c ^ f ^ ^ yi^fifcS i.x^W-t s c i ic J: *9 . -o 

-5rCD^> nMGaN^2 3 2 gigO^feii^MvX ^ 4 l^m^-t^o mm 

10 ^^4 otc^tnfc-Tx^vi^'^i^) ±gu{;is X h^-r y^^r^pgist Lxarjg^ 

SB4 2;:><?gfiK^nTl^'E)o C©g^^^ 4 2 OX h -5 -^ti. *fe^J^-7X ^ 4 (D 
gg^^gl54 OCDX h5-rr{CIB&^iT{-5E^*-r^fci6. j^J^)^-7Xi^4 l_hffi*^t) 
m'5<hg^^SP4 Oti^fe^^M-^X^' 4 1 {ictOS^btlTi^^^o CcDjfe^J^^X^ 
■ 4 UCJ:*?^— SmO3^^fiS::^^^T'9:i<i:{Cj:0. nMGaNTfe^^MS. AlGaN 
15 ^^mm {:^ist>m tGaN S^^MMSL^'GalnN JE*iSS^#^^*^^^A ^ZmM 

^mm'f^^m^m e , p ^caN 7 , p MCainN ^ > ^ h e s ^im??: 

m^m^XO^thL. X^^-ryt:iJ:*9^^^53^^LTgl 1 6 A lC:^-r#^^i?® 
20 (lai 6BOL-L' 6^®) ^m^So fin-^> C©4^^*^S^ii$fe^l^-^X^ 4 1 
tl?^^$n/c@P^#gi5 4 2 CDX h'7^'f:^\^iZly-^^^^m-t^^^M§m^'^ 

±ffl^^^»ii7bMi o(DmT-(D^tnzit^xiSLm-t^zt^<'c^tzo m-^. 
mwL±izjfm L tzmmm^ x ^ 4 _h-t:->t->^^ ^ ^ >- >'bsic:^ $ -ttfcM^ft'^^^ 

(GaN^) 2 3 £D^^iXP(5^J^:6< 1 0^ ~1 0^ /cm^' O U--^;l/T-i>o 
fzOizi^L. ZCO^^'ejLh°^^'>rJ\^^3:Xm^LfzGaNm2 3^±-^lz^ m 



wo 97/11518 3 6 PCT/JP96/02663 



^>{g;igmi^^^-eb~^fS&fpL. ^2a{c4ott^^^-&:^tl4 10-43 
15 0 nmO|Effl-e*o/;:o 

*^Jfe««J^^^?^f?«J^S 1 6 C\Z^K>mm^^o ^^OfF^ii. ±iEc7>gl 1 6 A 

20 U .y v>;^ h 5 ^ yOfil#jCSiZ.® 1 2 ^M^-t^o 1 2 ti. il^fiJcgtdci: 

'SnMGaN m^st^^ip^ct L-rt>. mmwmmm^mi!f>ii</ufzmtLxhJi^^o m 

UW^-^T.^ 4.4 1 £D{±1t(iII! 1 6 A(Dm^tWiCXhK>. m.^m 1 2 tig^^ 
S4 2 0X b^-r-T'chlB&WfCJl^^LfcX h-5-<-:^<i: LT?^^$n'5o ^A4b\ HI 
1 6 Cti^ 1 6 BOL-L* »r®^^-to 
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4 1 0 ~ 4 3 0 n mCOmm-Z'^ o tZo 

<mmm 1 2 > 

;6-<^^i:>5>S^^ia5 4 2®PHl|5i{i. 4 1 cD43^ic(ig^^§^ngf5 (fin 

twim(D-fu-^y^\^xKi. m \ 7 AfCTF-r^^^sfiif® cm 7b©m-m' ik^ 

{i> ^^C:i:fel^T^Jg^^4 10 — 4 3 0 n mtZ)$5fflT- b-if l&fp L/-Co 

113 1 7 ACD^^^^^L/c^cDT*»So fin-^v :*:^ite^JCXpMGaN ^^iS^ 7 

5 -r -f^conm^^^^M 1 2 ^mm-t^ z t-^-m i 7 c ic:^^iK^^®^i(t^^-r 

m 7 C£DI^^^-eti. p^GaN ^^2&^7£D4'^tC{ie-r^U >y h^-TT' 
fZo *:^^{i> mzat:::tel^Tl^^^S4 10 — 4 3 0 n mfDlEfflT U-if" Kjf'^ L 

/Co 

<llite*^] 1 3 > 
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4 1 £Dgr^ggi5 Cmn^) 4 2 {i*fej^M-7X^ 4i7)^N'^-y_L (fip-^, g 

«fe^J^vX^4 1 ®_t:{C:fo%>T. -itTTt^X^M 5 Lfc^ii. 

10 ^Ste^J 1 1 (ii^< [SUtJ-LXia 1 8 A{;i^^^^»f® (El 1 8 BiDN-N' Sfr 

'/Co ctL{cj:«9. Ell 6 c^Eii 7 c izm-rm^izit-<i:^mm.m.^i/2 mmiz 

15 ^T-iSMTr^/Co ^^a^c4o^,^T^|g^g 4 1 0 — 4 3 0 n mOlaffiT- 

m 1 8 A£D5^^^^HL/cfe®-e^So in-^> ^mm-=^^^ 4 1 ox h^-r y^:^ 

ofio ^za{C:fe\.^T^ig&:^ 4 1 0 — 4 3 0 n mOlSfflT:- L/-ifi&fP 

25 Lfco 

< ^ife^^J 1 4 > 

tl*>{cm-r^;:^v 1t:7T'1'T( a-Al20n) ^^Oftt^OC. ^^1 \Z-K-15W^'^ 
Wurtzite^itf *)Og^®:^fe(0001)C ®cD n mj^>fbiil^( a-SiC) ^ffil^^o 
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=¥-mi^^w\mi^Lxi^mL. mi q a-i e cn^mi s a- i s cic^-r^^ 

10 ]g-T?l&fFi-SU-''f^^^?t^Co ^S{-:fo^^T^MifeS4 10-43 

^nn^- hfi-^W>2 M^^^t:)- 'S ^ 1 <t . Z<D^2 (iTlfe i ^ ^ 1 

ib?i#S^s X{i\. N^n7:?^cDS^O(0001)f^^M±C^ f ^ 4^ -> -^^ yl/^:^ l 
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(Dmt^^mitm^mi^m^ (A l Ca I nN) i:i<^*9^^fi^M^^?^^LTl>-5o 
^1^5^tctijt:^^|^0— oT^^>5Zinc Blende mit'^'^-t^G a A s , I n P, 
InAs, GaSb, G a P, GaAsP. XitG a I n A s^i}^i^fl^&1S^^ 

15 $n^^^fi^^Ii^O^FB^|5jS^|gti 1 0^-10* //cm^ ©iafflXJi^nJ^tT 

20 iz^^^xmi}<^\::^^t. ctiizx^^nnM^. m^^^mmz^^^vgis^^ s^o*^ 
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^^i£5fecDS^ctO fcl/3 -1/4 C^-triSi^T-^/Cc 
^i:4b\ ^^Jte««jCDf^^{cfc{:J--5mza(D^ig^&gti. 4 10 — 4 3 0 nmOlSffi 

XO. 6 0 0 nmJS^iT<D^^fe7i>^^^^3fetTc7)^^*<^tl (hack's o CO^^tCo 
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5 {J-^^CDT'^So 
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It © IB ffl 

6. ±iBmiofi^^mgJt-r^{b^^^^#^{iin m^mtvmTLmt^^m^ 
11. ±sdit'^!m^mi^(Di^m^i^^^t-^xmmmm 0' cm-'\^j.Tx^ 
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10 #i5:(!:^^t*5)^©|iQfflBl 3 3S{cgetl©^^i*:^go 

1 6. m^Bmm^mir^m i ©^^i. mm i ©M^_h{c?^^^n/c#^HK^ 
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